Parkinson's disease (PD) is a neurodegenerative disease characterized by the loss of dopaminergic (DA) neurons in the substantia nigra pars compacta (SNpc) and, to a lesser extent, in the noradrenergic neurons of the locus coeruleus (LC). Most cases of PD are idiopathic and sporadic and are believed to be the result of both environmental and genetic factors. Here, to the best of our knowledge, we report the first evidence that chronic restraint stress (8 h/day, 5 days/week) substantially reduces nigral DA and LC noradrenergic neuronal cell numbers in rats. Loss of DA neurons in the SNpc was evident after 2 weeks of stress and progressed in a time-dependent manner, reaching up to 61% at 16 weeks. This reduction was accompanied by robust microglial activation and oxidative stress and was marked by nitrotyrosine in the SNpc and LC of the midbrain. These results indicate that chronic stress triggers DA and noradrenergic neurodegeneration by increasing oxidative stress, and that activated microglia in the substantia nigra and LC may play an important role in modulating the neurotoxic effects of oxidative stress. Taken together, these data suggest that exposure to chronic stress triggers DA and noradrenergic neurodegeneration, which is a cause of PD.
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Introduction
Parkinson's disease (PD) is a late-onset neurodegenerative disease that is characterized by slow movements, tremor, stiffness, and postural instability (Thomas and Beal, 2007) and generally occurs in 1% of the population over the age of 60 years (de Lau and Breteler, 2006) . The neuropathological hallmarks of PD include progressive loss of dopaminergic (DA) neurons in the substantia nigra pars compacta (SNpc). Causes of PD include viral infection, head trauma, herbicides, pesticides, heavy metal exposure, and genetic mutations (Davie, 2008) . In particular, mutations in specific genes, such as a-synuclein (SNCA), parkin (PRKN), PTEN-induced putative kinase 1 (PINK1), DJ-1, and ATP13A2, are known to cause PD. However, genetic PD is estimated to account for approximately 5% of the PD cases, and at least 90% of the PD cases are sporadic and have unknown etiology. Chronic stress has previously been shown to contribute to neuronal loss in the hippocampus (Uno et al., 1989) , and experimental evidence suggests that it also contributes to the damage of catecholaminergic neurons. In particular, clinical studies demonstrated that stressful life events may induce PD development. Among these studies, a study involving the prisoners of war reportedly had considerably higher incidence rates of PD development after 35 years of their release (Gibberd and Simmonds, 1980) . This finding is consistent with the experimental data indicating that chronic stress decreases dopamine levels in the striatum (STR), nucleus accumbens, and the frontal cortex (Rasheed et al., 2010 ) as well as reduced the level of dopamine metabolites in the prefrontal cortex (Mizoguchi et al., 2000) and accelerated 6-hydroxy dopamine (OHDA)-or lipopolysaccharide (LPS)-induced DA neurodegeneration in the animal models of PD (Smith et al., 2008; de Pablos et al., 2014) . These experimental data suggest that chronic stress preferentially exerts neurotoxic effects on the DA system and accelerates DA cell damage in the brain. However, in those studies, chronic stress is considered to promote the loss of DA neurons, http://dx.doi.org/10.1016/j.bbi.2015.08.015 0889-1591/Ó 2015 Elsevier Inc. All rights reserved.
